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Description 

Th* invention relates to en article for the controlled delivery of an active substance, comprising a hollow 
spacS endosed by a wal. and filled in Ml or in part with one or more active substances. sa,d wall being 
maH . usina a biodegradable polymeric material permeable to the acbve substance. 

For t e co delivery of active substances artic.es have been developed showing a gre* *ers y 
in shai sizTs and other properties capable of affecting the rate of delivery of an active aubstan*, ftom^ the 
he us^biltty of the artide Particularly the selectton of the material of which the art.de is made .car largey 
aftect fhe fIS possibilities of using the artide. On the basis of the nature of the matenals used. wh«h are 
o2? numeric trials it is possible to divide the articles for the controlled delivery. wh,ch. among other 
W^^nSlSL in JT«d animal, into two group, On the one hand, there are the made 
oSSsTatcannotbe broken down M^M^m^m*^^tmn^B^M 
Is befemoved. which may be regarded as a drawback. On the other ^'^ZZnttlZl 
basisof(bio)degradablematerials.When the active substance has been delivered "^""P^*^"^ 
of the artide into components innocuous to the organism occurs so that removal of the artide .s no longer 

neC ^Hyd£ge.s and Biodegradable Polymers for the Controtled Delivery of Drugs" by N B. Graham; and t ..A 
Wood in Polvmer News 1982. Vol. 8. pages 230-236. disdoses all kinds of delivery systems on the bas s of 
^SS ^SS^m chafed with active substance, which polymer suites, among other 
SSoTsubdermallyapplied to manand animal. Suchdelivery systems may have theformof.e.g sphe- 
nSl oa^des The^^rtides consist of biodegradable matrices surrounding the active substance. Such a 
SeCattem^o^ 

£37££ -Id not be accepted. The same drawback is connected wKh. *he, 
referred to in this artide. such as microcapsules having an average size of 5 to 50 pm. The above arbde by 
NB Graham and DA. Wood further mentions films as detivery system. Such films, however, av .the , draw- 
^?hataTubderma lU sethereofrequiresa S urger y . which is considered laborious and may also ,nvo.ve cer- 

^ ^usability of an artide is not exdusivery determined by the possibility of ^ d ^ f the f^ 6 ^ 
ddiver, "active substance. Also the possibilities of a proper M ntm. of the rate of delivery erf the active 
are important when designing an article. Because in many cases the active substance w.ll be re- 

«» £J* M,ection may again * «^ afact ° rfwthe ° e,ivery i r :zz 

itnaCwainTby the artide. Besides, it * also possible to affect the delrvery properties by varying the shape 
^ ZZSSSSIS**, Systems ..: Factors Affecting Release Rates from P*ZF**^£ 

regard to the microcapsules on the basis of poly-c-caprolactone described ,n this arbde and ,r , U.SJ Patent 
nTJ 148 871 of C G Pitt et al (1986) it is particularly advanced that these are prepared by melt extrusion. 
Irwhld^ 

howeve have the drawback that the rate of delivery of the medicine per unit of area which is adjustabte by 
varying he wall thickness of the hoUow tube, can only be changed to a very limited extent, e.g.. by a factor of 



2 to 3 



For the delivery of active substances having a high molecular weight European Patent Application No. 
864o7 5 27 5 (PoTs oioadsorbable polyesters. 1 986) of A. Schindler describes the development of a porous 

* ^b4^ 

ff cS; Prass Inc disdoses the use of hollow fibres for the delivery of insect feromones. Further Hollow 

Fioera as an aa" Sustained-Release Delivery System' by MA Hussain et al in Pharm Res.. Vol. 6 No 1. 

^989 pages 49-52 describes the delivery of Pheny. Propanolamine (PPA) from hollow f .bres. As indicated, 
so ZLe^uchhoiowfibresareopeno^ 

irinfl« in a subdermal or other use in man and animal. 

The ob"d of Ts invention is to obtained an improved artide for the contrdled dehvery of an active sub- 

ctanrj* which does not have the above drawbacks. 

Tcc^Sg to this invention an artide of the type referred to in the opening paragraph is P™d^ wh'h 
55 is chafed in that the wall is composed mainly of a combination of at least two differen t ™£ 

HmSZ one polymeric materia, is permeable to the active substance and is degradable , the other 

on !m»rir material fe relatively poorly permeable to the active substance and is degradable and the conveyor 

palhT^ 
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tinuous distance leading at least through the polymeric material permeable to the active substance. 

The article according to this invention is a hollow article made of a combination of biodegradable polymers, 
in which article the hollow space may contain a pure active substance, a dilute form or a dispersion of this 
substance in a matrix and the ends, edges etc. of the article are closed. 

The biodegradable polymers to be used for the hollow article may be polyesters such as polylactic acid, 
polyglycolic acid, poly(s-caprolactone), polyflj-hydroxybutyric acid), poly(hydroxyvalerate), poly(orthoesters), 
poly(a-amino acids), including esters of polyglutamic acid and finally polydepsipeptides, polyanhydrides and 
polyphosphazenes. Moreover, all the (co)polymers derived from the above polymers may be used, including 
block copolymers and stereo complexes of polymers formed from optically active monomers from the above 
groups. 

When the article according to this invention is used subdermally, use is preferably made of (co)polymers 
that are properly degradable and do not give body-foreign products and/or toxic by-products after or during 
degradation. Examples thereof are polylactic acid, poly(p-hydroxybutyric acid), poly(e-caprolactone), poly(a- 
amino acids) as well as derived (co)polymers. 

The hollow articles used may have such shapes and such sizes that in human use they can be applied 
subdermally without problems in accordance with generally accepted guidelines. Consequently, the articles 
made according to this invention may be injectable so that a surgery need not take place. Because the articles 
according to the invention preferably have a length up to 5 cm, they can be easily traced. When used veteri- 
narily, the sizes of the article may be considerably larger. 

In the hollow space of the articles various active substances can be used, such as medicines, hormones 
and related products. When inserted, the articles according to the invention deliver the active substance to 
the body for a certain period of time which may vary, e.g., from 1 week to some years. According to this invention 
the delivery period and the delivery rate of the active substance used can be easily adjusted by adaptation to 
the structure of the article. 

The biodegradable article according to this invention charged with active substance can be used in agri- 
culture and horticulture, in which insecticides, feromones, repellants, and related products may be used as the 
active substances. 

The hollow articles used according to this invention consist of a combination of two or more polymeric ma- 
terials having different permeabilities to the active substance. For the purpose of illustration a combination of 
two polymers will be described hereinbelow. Moreover, by way of example in this specification, the article for 
the controlled delivery will have the form of a hollow tube . Thus starting from a combination of two polymers, 
a f irst polymer will have to show a relatively high permeability to the active substance, whOe the second polymer 
has a relatively low to very low permeability to the active substance. 

The hollow tubes used according to the invention may be made by means of the following techniques: 

a) coextrusion of the two polymers in the melt, 

b) melt extrusion of one of the two polymers followed by dipcoating with a solution of the other polymeric 
material from a suitable solution, 

c) successive dipcoating with two solutions of the polymers. 

T° a) - In case of coextrusion two molten polymeric materials are simultaneously pressed through an in- 
jection moulding nozzle via separated feeding systems. This injection moulding nozzle consists of two or 
more composed ducts or openings. The interior of the inner duct is a hollow needle through which inert 
.gas can be injected via a separated feeding system. By selecting such a suitable construction of the in- 
jection moulding nozzle, hollow tubes can be formed having compact walls. The wall is made of a compo- 
sition of the different polymeric materials. Figs, la and b t 2, and 3a and b schematically show examples of 
the structure of the cross-section of different types of hollow tubes. 

Figs. 1a and b show how a polymeric layer poorly permeable to the active substance partially covers 
the interior or the exterior of the highly permeable layer. By varying the surface coated with poorly per- 
meable polymer the rate of delivery of the active substance can be adjusted. 

Fig. 2 schematically shows another cross-section of a hollow tube of a polymer substantially imperme- 
able or poorly permeable to the active substance, in which a portion of the wall is replaced by a polymer 
permeable to the active substance. By varying the surface ratio of permeable/poorly permeable polymer 
the rate of delivery can be adjusted. 

Figs. 3a, b finally show a schematic cross-section of a hollow tube having a wall consisting of a com- 
position of more than two layers permeable and poorly permeable to the active substance. By thus forming 
the structure of the wall of the hollow tube not only the availabe surface through which delivery of the 
active substance may occur, but also the distance over which the active substance must diffuse through 
the permeable layer is considerably extended. This may provide an additional possibility of controlling the 
level of delivery of the active substance. 
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,o obtain the desired level of delivery of acbve can ^ aally covered , foUowed 

* also possible to obtain a hollow tube having several permeable and poorly permeable layers by 
applying further dipping, drying and cutting |ayer(s) are ma de by means of the 

Tool. Both the compact permeable layer(s) and the ^P^rTIIES cutting procedures hollow 

vantages: »h« »rtw« « easHv adjustable by means of the structure 

- the rate of delivery of an active substance from the arbcle is easily aajusiao.e y 

of the artide, using two or more b '^ dM ^^Z JjL the M is deg radable in parte 

Se ^S.^e^ 
-Xen^ 

Further to the above, it may be observed that the rate of delivery or in combinaUon of the at 

by affecting the difference in permeability to the achve J* .XSteSS «n the artide. 

the delivery of norgestrel were measured as follows. d.SDersion of norgestrel castor 

at an absorption maximum of 247 nm. M|v , , actic acid poorly permeable to 

2, respectively. 
Example I 

PREPARATION OF ARTICLE 

. . ^miartana (Mv 50 000) at 70°C and poly-L-lacUc acid (Mv 180.000) at 190°C 
By coextrusion of poly-e-caprolactone (Mv 50.0UU) ai mij u , w j f 180 ^, 

a hollow tube was made having an externa. d,ame er o r "J^^^S covered 4/5 of the 
= ^e===^^ 

with poly-L-lactic acid. 
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DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES MADE 

hollow tube hollow tube hollow 

tube 

uncoated contpl . coated 4/5 

coated 

delivery 21.512.0 0.1 ± 0.03 4.8±0.5 
[ug/cm tube. day] 



Example II 

PREPARATION OF ARTICLE 

Poly-e-caprolactone (Mv 50,000) was extruded at 70°C to form a tube having an external diameter of 1.5 
mm and a wail thickness of 140 um. By means of dipping into a 5 wt% polymer solution of poly-L-lactic acid 
(Mv 130,000) in dioxane and subsequent evaporation of the solvent, samples having a length of 40 mm were 
provided exteriorly at room temperature with a poly-L-lactic acid coating having a thickness of 20 urn. Then 
1/5 of the poly-L-lactic acid coating was removed by cutting (a schematic cross-section is shown in Fig. 1a). 
For the delivery tests there were also made a hollow tube of poly-e-caprolactone uncoated with poly-L-lactic 
acid and a hollow tube of poly-e-caprolactone completely coated with poly-L-lactic acid. Solvent residues were 
removed by an extensive flushing and drying procedure. 



DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES MADE 

hollow tube hollow tube hollow 

tube 

uncoated compl .coated 4/5 

coated 

delivery 23.0 ± 3.1 0.05 ±0.01 5.0±0.6 
[ug/cm tube. day] 

Example III 

PREPARATION OF ARTICLE 

A Teflon rod having a diameter of 1 mm was dipped at room temperature into a 10 wt.% polymer solution 
of poly-L-lactic acid (Mv 50,000) in dioxane. After evaporation of the solvent, 1/4 of the polymeric layer was 
removed, followed by dipping into a 1 0 wt.% solution of poly-e-caprolactone (Mv 50,000) in dioxane. After evap- 
oration the rod was dipped once more into the solution of poly-L-lactic acid in dioxane. After evaporation, 1/4 
was again removed from the exterior layer of poly-L-lactic acid. Fig. 3a shows a schematic cross-section of 
the hollow tube after removal from the Teflon rod. The thickness of the different layers was about 30 ^m. The 
outside diameter of the hollow tube was 1.1 mm. Similarly, a hollow tube was made without a third layer of 
poly-L-lactic acid. Solvent residues were removed by an extensive flushing and drying procedure. 

DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES MADE 

2-layered article 3-layered 
article delivery 31.5 ± 4.2 ■ 1.5 ± 0.03 

[ug/cm tube. day] 

Fig. 2 shows a tubular structure in which the wail portion 1 formed from relatively poorly permeable poly- 
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Inctton With the nature of the active substance*) for controHed dehvery. 



Claims 



An artideforthecontmlled delivery of^^ 

rr b =^r P rto^ 

at least through the polymeric material permeable to the acbve substance. 
2 An article as daimed in Cairn 1 . characterized in that the arUcle may have different geometric form, 

3. Anar«deasda«nHrt.nda^ 

from two pdymerfc materials in which the ^^^Z^I^o T^ portion, said wall 

position to form the wall of the article. 

4 . Anar a deasda*edindaim3.c^ 

=rsirrifnat^ 

maleriaS J said layers enveloping each other in a partially over.apping pos.bon. 

. • rharacterizedinthattheindividualwallportionsofthepolymericmaterial 

5. An artide as da.med .n daim 3 characte ™™ a " n , permeable to the active substance 
permeable to the active substance and the material relative poony pe 

are composed to a one-layered waH. 

eo complexes of pdymers formed from optically acbve monomers from the above group 
, 7. An article as daimed in daims 1-6. characterized in that the active substances are pharmaca. 

8. An artide as daimed in daim 6. characterized in that the active substances are cytostatics. 

9. An artide as daimed in daims 1-6. characterized in that the active substances are hormones. 
» 10. An artide as daimed in daims 1-6. chanrcterized in that the active substances are peptide, 

,1. An artide as daimed in daims 1-6. characterized in that the active substances are insectiddes. herb, 
cides, feromones or repellants. 
a 12 An artide as daimed in daims 3-11. characterized in that the outside diameter of the hollow tube is not 
more than 5 mm and the length is not more than 10 cm. 
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hollow tube is 3 mm and the length is 5 cm. 

14. An article as claimed in claims 1-13, characterized in that the difference in permeability to the active 
substance is affectable within the employed combination of the at least two polymeric materials by ad- 
justment of the mutual relative porosity of the at least two polymeric materials. 



Patentanspruche 

1 . Artikel zur geregelten Abgabe einer aktiven Substanz, welcher einen vollstandig durch eine Wand einge- 
schlossenen und ganz Oder teilweise mit einer oder mehreren aktiven Substanzen gefullten Hohlraum ent- 
halt, wobei die Wand unter Verwendung eines biologisch abbaubaren, polymeren, fur die aktive Substanz 
durchiassigen Materials hergestellt ist, dadurch gekennzeichnet, dass die Wand hauptsachlich aus einer 
Kombination von mindestens zwei verschiedenen polymeren Materialien besteht, von denen ein polyrne- 
res Material fur die aktive Substanz durchlassig ist und abbaubar ist und das andere polymere Material 
fur die aktive Substanz verhaltnismassig schlecht durchlassig ist und abbaubar ist, und der Beforderungs- 
weg fur die Abgabe der aktiven Substanz aus dem Hohlraum an die Umgebung des Artikels eine konti- 
nuierliche Strecke ist, welche mindestens durch das fur die aktive Substanz durchlassige polymere Ma- 
terial fuhrt 

2. Artikel nach Anspruch 1, dadurch gekennzeichnet, dass der Artikel verschiedene geometrische Formen 
aufweisen kann. 

3. Artikel nach den Anspruchen 1-2. dadurch gekennzeichnet, dass er geometrisch auf einem hohlen Rohr 
basiert, das gebildet ist aus zwei polymeren Materialien, wobei das fur die aktive Substanz durchlassige 
Material und das verhaltnismassig schlecht durchlassige Material jedes einzeln zu einem Wandabschnitt 
geformt wird, welche Wandabschnitte als zweilagiger Schichtstoff zusammengesetzt sind, w3hrend sie 
einander in teilweise uberlappender Stellung umgeben, urn die Wand des Artikels zu bilden. 

4. Artikel nach Anspruch 3, dadurch gekennzeichnet, dass das fur die aktive Substanz durchlassige poly- 
mere Material und das verhaltnismassig schlecht durchlassige polymere Material zusammengesetzt sind 
urn die Wand des Artikels auf der Basis eines Schichtstof fes aus mehr als zwei Schichten zu bilden, welche 
jede fur sich aus einem der polymeren Materialien besteht, wobei diese Schichten einander in teilweise 
uberlappender Stellung umgeben. 

5. Artikel nach Anspruch 3, dadurch gekennzeichnet, dass die einzelnen Wandabschnitte des fur die aktive 
Substanz durchiassigen polymeren Materials und des fur die aktive Substanz verhaltnismassig schlecht 
durchiassigen Materials zu einer einschichtigen Wand zusammengesetzt sind. 

6. Artikel nach Anspruch 1, dadurch gekennzeichnet, dass die Kombination von mindestens zwei verschie- 
denen polymeren Materialien ausgewahlt ist aus der Gruppe der biologisch abbaubaren Polymeren, be- 
stehend aus Polyestern, wie Polymiichsaure, Polyglykolsaure, Poly-{e-caprolacton), Poly-(0- 
hydroxybuttersaure), Poly-(hydroxyvaleriat), Poly-(orthoester); Poly-(a-aminosaure), einschliesslich 
Ester von Polyglutaminsaure, Polydepsipeptide, Polyanhydride und Polyphosphazene und alle davon ab- 
geleiteten Polymere, Co- oder Block-Copolymere und StereoKomplexe von Polymeren, gebildet aus op- 
tisch aktiven Monomeren aus den obigen Gruppen. 

7. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Arzneimittel 
sind. 

8. Artikel nach Anspruch 6, dadurch gekennzeichnet, dass die aktiven Substanzen Cytostatica sind. 

9. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Hormone sind. 

10. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Peptide sind. 

11. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Insektizide, Her- 
bizide, Feromone oder Phobiermittel sind. 

12. Artikel nach den Anspruchen 3-11, dadurch gekennzeichnet, dass der aussere Durchmesser des hohlen 
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Unsyst^pern^nt.a^ 
tierement entree d^pa^^^^ 

,adite parol ^^ te6eil aWe f ™^ n S^t tfuna combinaison d"au moins deux mate- 
caracterisa en ce que la paro. est composee iMe , la ac Uve et degra- 

riaux polymeres differents, dontrun est un ^"^"ESS a la substanC e active et degrada- 
dable, et .'autre est un materiau polymere ^Td 'o^ ^espacVLx vers I'exterieur du systeme se 

a la substance active, 
geometriques. 

Unsy s, m esa,on,arevend,cation1ou 2 .^ 

creux forme de deux materiaux polymeres. dans individuellement une partie 

active et la materiau P^'^^^^^T^ ^ s'enveloppant run. 

Un aysteme selon ,a revendlcation 3. ^^^^^^ 125 
tance active et le ^ P-JS^SS 1 ind^uel.ement etant formee 

vrement partiel. 

tance active se composent tfune parol unicouche. 

. Un systeme selon .a revendicatfcn 1. careers* en ^^^TJZX^ 
polymeres differents est choisie dans le groups * e *^™°™*l aclde pol y. {p -nydroxybutyrique). 
E.^ acide polylactique. acide po^** Jjjjjj^ les e8tere tfacide polyglutami- 
poly(hydroxyvalerate). poly(orthoesters), J^J^TS ous les polymeres en derivant. les co- 

nomeres optiquement actifs de ces groupes. 
ments. 

8 . Un sys teme selon la revendlcation 6, oaractedse en ce que las substances acti.es sont des d^nves cy- 
55 tostatiques. 

9 . ^^^*~»^mo^"»~»'«^ m ^'^ 
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10. Un systeme selon la revendication 1 a 6, caracterise en ce que les substances actives sont des peptides. 

11. Un systeme selon la revendication 1 a 6. caracterise en ce que les substances actives sont des insecti- 
cides, des herbicides, des pheromones ou des insectifuges. 

12. Un systeme selon la revendication 3 a 1 1 , caracterise en ce que le diametre exterieur du tube creux n'est 
pas superieur a 5 mm et la longueur n'est pas superieure a 1 0 cm. 

13. Un systeme selon la revendication 12, caracterise en ce que, pour une application humaine, le diametre 
exterieur du tube creux est de 1,8 mm et la longueur est de 4 cm, et pour une application veterinaire, le 
diametre exterieur du tube creux est de 3 mm et la longueur est de 5 cm. 

14. Un systeme selon Tune des revendication 1 a 13, caracterise en ce que la difference de permeabilite a 
regard de la substance active peut etre modif iee, pour la combinaison employee de materiaux polymexes, 
lorsqu'ils sont au moins au nombre ae deux, par ajustement de la pcrosite relative mutuelle desdits au 
moins deux materiaux polymeres. 
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Description 

This invention relates to an article for the controlled delivery of an active substance, comprising Mm 
space fTendosed by a wall and filled in full or in part with one or more active substances, sa.d wall being 
made usino a biodegradable polymeric material permeable to the active substance. 

For he co W ed delivery of active substances articles have been developed showing a great .era y 
in shape siz« and other properties capable of affecting the rate of delivery of an active substance from the 
he usabntty of the artide Particularly tha selection of the material of which the article is made , car , large y 
sZ the f na possibles of using the article. On the basis of the nature of the materials used^ch are 
often Polymeric materials, it is possible to divide the articles for the controlled dehvery. wh,ch. among other 
SSTSSd for use in man and animal, into two groups. On the one hand, there are he arbc.ee made 
of trials that cannot be broken down in the body. After the active substance has been dehvered. he art.de 
rnu^b removed\hich may be regarded as a drawback. On the other hand, there are the arhcles on the 

of the artide into components innocuous to the oroanism occurs so that removal of the art,de ,s no longer 

"^Hydrogels and Biodegradable Polymers for the Controlled Delivery of Drugs' by N B. Graham and DA 
Wood in Polymer News. 1982. Vol. 8. pages 230-236. disdoses all kinds of dehvery systems on the bas s o 
Idtoradal polymer substrates charged with active substance, which polymer -J among other 
things can be s ubdermally applied to man and animal. Such delivery systems may have the form of, e.g sphe- 
Sa^des These partides consist of biodegradable matrices surrounding the active substance. Such a 
d^eTy system however, has the drawback that the partides can hardly, if at all. be surgically removed when 
ST SL would not be accepted. The same drawback is ^T^^JXISSSi 
referred to in this artide. such as microcapsules having an average size of 5 to 50 pm. The above art.de by 
N B Graham and D.A. Wood further mentions films as delivery system. Such films, however, have the draw- 
bai?hat aTubderma, use thereof requires a surgery, which is considered laborious and may also .nvolve cer- 

*** T^usability of an artide is not exclusively determined by the possibility of breakdown of the artide after 
delivery 7t e aXe substance. A.so the possibles of e proper control of the rate of delivery of the acbve 
suttence are important when designing an article. Because in many cases the active substance w.ll be re- 
ea^Tby a"«3n process, the material selection may again be a dec^e factor for the delivery properties 
SaCbtain 

and .tlin^r r ug d De.~ery Systems..: Factora Affecting Release Rates from poly- 6 -«pro.actone^d Re- 
nted BiSSdale'polyesteyby CO. Pitt et a. in J. Pharm. So.. Vol. 68. No 12. 197 9 peg* .1» 1538 

SoSlns on the basis of homo- and ^^'^^'Zl^^lTuT^ 
reaard to the microcapsules on the basis of poly-e-caprolactone descnbed in this arbde and .n U.S. Patent 
N 4 148 871 of C.G. Pitt et a. (1986) it is particular* advanced that these are prepared by melt extrus»n 
afterwh^ 

noweve . hlle the drawback that the rate of delivery of the medicine per unit of area ^wh,ch * 

varying the wall thickness of the hollow tube, can only be changed to a very hmrted extent, e.g.. by a factor of 

2 10 For the delivery of active substances having a high molecular weight, European Patent Application Na 
86402527 5 (Porous bioadsorbable polyesters. 1986) of A. Schind.er describes tha development of a porous 

ff.. CRC Press, .nc. disdoses the use of hollow fibres for the delivery of insed 

Fibers as an Oral Sustained-Release Delivery System' by M.A Hussain et a. ,n Pharm Res Vol 6 * .1, 
1989. pages 49-52. describes the delivery of Phenyl Propanolamine (PPA) from hollow '^^ mdicatej. 
ILever. such hollow fibres are open on one side so that they are unsuitable for the controlled debvery of med- 
irinft<5 in a subdermal or other use in man and animal. 

The oblecTofThis invention is to obtained an improved artide for the controlled delivery of an acbve sub- 
stance which does not have the above drawbacks. 

Tel ding to this invention an artide of the type referred to in the opening paragraph ,s provide which 
is characterized in that the wail is composed mainly of a combination of a. le * s "™™ e 'f^ZZ^< 
riate in which one polymeric materia, ia permeable to the actfce substance and ,s 

polymeric materia, relatively poorly permeable to the active substance and ,s degradab e and the^ oonveyor 
pSor the delivery of the active substance from the hollow space to the surround.ngs of the arbcle .s a con- 



EP 0 514 406 B1 



tinuous distance leading at least through the polymeric material permeable to the active substance. 

The artide according to this invention is a hollow article made of a combination of biodegradable polymers, 
in which article the hollow space may contain a pure active substance, a dilute form or a dispersion of this 
5 substance in a matrix and the ends, edges etc. of the article are closed. 

The biodegradable polymers to be used for the hollow article may be polyesters such as polylactic acid, 
polyglycolic acid, poly(e-caprolactone), polytf-hydroxybutyric acid), poly(hydroxyvalerate), poly(orthoesters), 
poly(a-amino acids), including esters of polyglutamic acid and finally polydepsipeptides, polyanhydrides and 
polyphosphazenes. Moreover, all the (co)polymers derived from the above polymers may be used, including 
10 block copolymers and stereo complexes of polymers formed from optically active monomers from the above 
groups. 

When the article according to this invention is used subdermally, use is preferably made of (co) polymers 
that are properly degradable and do not give body-foreign products and/or toxic by-products after or during 
degradation. Examples thereof are polylactic acid, poly(0-hydroxybutyric acid), poly(e-caprolactone), poly(a- 
15 amino acids) as well as derived (co)polymers. 

The hollow articles used may have such shapes and such sizes that in human use they can be applied 
subdermally without problems in accordance with generally accepted guidelines. Consequently, the articles 
made according to this invention may be injectable so that a surgery need not take place. Because the articles 
according to the invention preferably have a length up to 5 cm, they can be easily traced. When used veteri- 
20 narily, the sizes of the article may be considerably larger. 

In the hollow space of the articles various active substances can be used, such as medicines, hormones 
and related products. When inserted, the articles according to the invention deliver the active substance to 
the body for a certain period of time which may vary, e.g., from 1 week to some years. According to this invention 
the delivery period and the delivery rate of the active substance used can be easily adjusted by adaptation to 
25 the structure of the article. 

The biodegradable article according to this invention charged with active substance can be used in agri- 
culture and horticulture, in which insecticides, feromones, repellants, and related products may be used as the 
active substances. 

The hollow articles used according to this invention consist of a combination of two or more polymeric ma- 
30 terials having different permeabilities to the active substance. For the purpose of illustration a combination of 
two polymers will be described hereinbelow. Moreover, by way of example in this specification, the article for 
the controlled delivery will have the form of a hollow tube . Thus starting from a combination of two polymers, 
a first polymer wfll have to show a relatively high permeability to the active substance, while the second polymer 
has a relatively low to very low permeability to the active substance. 
35 The hollow tubes used according to the invention may be made by means of the following techniques: 

a) coextrusion of the two polymers in the melt, 

b) melt extrusion of one of the two polymers followed by dipcoating with a solution of the other polymeric 
material from a suitable solution, 

c) successive dipcoating with two solutions of the polymers. 

40 T° a ) - In case of coextrusion two molten polymeric materials are simultaneously pressed through an in- 
jection moulding nozzle via separated feeding systems. This injection moulding nozzle consists of two or 
more composed ducts or openings. The interior of the inner duct is a hollow needle through which inert 
gas can be injected via a separated feeding system. By selecting such a suitable construction of the in- 
jection moulding nozzle, hollow tubes can be formed having compact walls. The wall is made of a compo- 

45 sition of the different polymeric materials. Figs, la and b, 2, and 3a and b schematically show examples of 

the structure of the cross-section of different types of hollow tubes. 

Figs. 1a and b show how a polymeric layer poorly permeable to the active substance partially covers 
the interior or the exterior of the highly permeable layer. By varying the surface coated with poorly per- 
meable polymer the rate of delivery of the active substance can be adjusted. 

50 Fig. 2 schematically shows another cross-section of a hollow tube of a polymer substantially imperme- 

able or poorly permeable to the active substance, in which a portion of the wall is replaced by a polymer 
permeable to the active substance. By varying the surface ratio of permeable/poorly permeable polymer 
the rate of delivery can be adjusted. 

Figs. 3a, b finally show a schematic cross-section of a hollow tube having a wall consisting of a com- 

55 position of more than two layers permeable and poorly permeable to the active substance. By thus forming 

the structure of the wall of the hollow tube not only the avaiiabe surface through which delivery of the 
active substance may occur, but also the distance over which the active substance must diffuse through 
the permeable layer is considerably extended. This may provide an additional possibility of controlling the 
level of delivery of the active substance. 



3 
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To b). in case of melt extrusion followed by dipcoating a hollow tube havng the de •«« 1 
made in a mulUstage process. In stage 1 a hollow tube is made of permeable polymer by means of malt 
Txtrus^ 

sdvent By evaporation of the solvent under the proper conditions a hollow tube ,s formed havngatto 
exteS a compact layer of poorly permeable polymer. Stage 2 can be repeated soma tan* * 
Sly in stage 3 a portion of the outer layer is removed (e.g.. cutting or perforating) to such an «**» as 
to obtein the desired level of delivery of active substance (schematic cross-section shown B F».^ 
eouiSd prior to carrying out stage 2. the hollow tube made in stage 1 can be partially covered, foMowed 
Smo^ToZZ* carrying out stage 2. Thus, an article having the same structure w,.l be ob- 

tai "U is aiso possible to obtain a hollow lube having several permeable and poorly permeable layers by 
applying further dipping, drying and cutting procedures after stage 3. 

772th the compact permeable layer(s) and the poorly permeable layers) are made by means of he 

tubes are obtainable having the structures shown in Figs. la. b and 3a b. When by 
means of the dipcoating process, the hollow tube must be supported by a metal, glass or plastic rod. 
Thol^ tubes made in the following examples have been made by means of the techn.ques mentioned 

^ The' 'rtSl controlled delivery of active substance according to the invention has the following ad- 

Vante9 the rate of delivery of an active substancefrom the article is easily adjustable by means of the structure 
of the article, using two or more biodegradable polymenc materials; i„ M ,t. 
- Soared depending on. e.g.. the wishes regarding the level of delivery, the art.de ,s degradable .n parte 
IringSe period of implantation or degradable only after the active substance has been dehvered com- 

the'Sucle is suitable for the optimum delivery of various types of medicines and other compounds, 
if the ^rig to the invention is intended for subderma. use. it can be readily made *a known per 



- rasilTremoved if it turns out that the patient does not endure the medidne. 
Fur th^Teabove.itmay be observed that the rate of ddfceryofthe ^^«" - ""KJfS 
by affectg he deference in permeability to the active substance within the -f^^^M rt 
least two polymeric materials by adjustment of the pore structure of the polymenc matends ,n the »«de. 

S Knee to the accompanying drawing, which shows a number 
th. invention can be further illustrated by the following examples. In the examples the delwery properbes ot 
« £12- by using the steroid norgestrel. The vaiues given in the fd.owfcg examples for 
the delivery of norgestrel were measured as follows: 

Z hol'rSibea were cut to lengths of 4 cm and filed with a 30 wt% disperse of norgesfrd castor 
, tu Jr^Mh-mLt h.hPs were sealed with acrylate glue impermeable to the hormone and then placed 

rti?ring(150rpm)foraperiodof6months. The delivery of the norgestral was measured spectrophotometncally 

lorge^d aid tne permeable pdymer poly-e-capro.actone. which materials are shown ,n the draw,ng by 1 and 
2, respectively. 

Example I 

PREPARATION OF ARTICLE 

By coextrusion of poly-s-caprolactone (Mv 50.000) at 70-C and poly-L-lactic acid (Mv 180 000) iat WC 
a hoHow tube w as made having an external diameter of 1.5 mm and a total wall th.ckness of 
extrustor , a .dry nitragen atmosphere was maintained in the extruder. The poly-L-lactic aad covered 4/5 of the 
rnTe^offhehoZtobe^ 

^Fie 1M Tto lever thickness of the poly-L-ladic acid was 20 pm. Likewise made by extrus.on were hoi ow 
with poly-L-lactic acid. 
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DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES 

hollow tube hollow tube 

5 

tube 

uncoated compl. coated 

coated 

w delivery 21.5 ± 2.0 0.1 ± 0.03 

[\iq/cm tube. day] 

Example II 

15 

PREPARATION OF ARTICLE 

Poly-£-caprolactone (Mv 50,000) was extruded at 70 C C to form a tube having an external diameter of 1.5 
mm and a wall thickness of 140 um. By means of dipping into a 5 wt% polymer solution of poly-L-lactic acid 

20 (Mv 130,000) in dioxane and subsequent evaporation of the solvent, samples having a length of 40 mm were 
provided exteriorly at room temperature with a poly-L-lactic acid coating having a thickness of 20 um. Then 
1/5 of the poly-L-lactic acid coating was removed by cutting (a schematic cross-section is shown in Fig. 1a). 
For the delivery tests there were also made a hollow tube of poly-e-caprolactone uncoated with poly-L-lactic 
acid and a hollow tube of poly-e-caprolactone completely coated with poly-L-lactic acid. Solvent residues were 

25 removed by an extensive flushing and drying procedure. 



MADE 

hollow 

4/5 

4.6 ± 0.5 
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DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES MADE 

hollow tube hollow tube hollow 

tube 

uncoated compl. coated 4/5 

coated 

35 delivery 23.0 ± 3.1 0.05 ± 0.01 5.0 ± 0.6 

[jig/ cm tube. day] 
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Example III 

PREPARATION OF ARTICLE 



A Teflon rod having a diameter of 1 mm was dipped at room temperature into a 10 wt.% polymer solution 
of poly-L-lactic acid (Mv 50,000) in dioxane. After evaporation of the solvent, 1/4 of the polymeric layer was 

45 removed, followed by dipping into a 1 0 wt.% solution of poly-6-caprolactone (Mv 50,000) in dioxane. After evap- 
oration the rod was dipped once more into the solution of poly-L-lactic acid in dioxane. After evaporation, 1/4 
was again removed from the exterior layer of poly-L-lactic acid. Fig. 3a shows a schematic cross-section of 
the hollow tube after removal from the Teflon rod. The thickness of the different layers was about 30 um. The 
outside diameter of the hollow tube was 1.1 mm. Similarly, a hollow tube was made without a third layer of 

so poly-L-lactic acid. Solvent residues were removed by an extensive flushing and drying procedure. 

DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES MADE 

2-layered article 3-layered 
article delivery 31.5 ± 4.2 1.5 ± 0.03 

(Hg/cm tube. day] 

Fig. 2 shows a tubular structure in which the wall portion 1 formed from relatively poorly permeable poly- 
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mine ™— - «. - * »™- r *rsr«r^rr.c 

polymer. w.*~««fth» at if»ast two Dolvmeric materials of which the 

junctton with the nature of the active substances) for controlled delivery. 
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Claims 



2. 

3. 



is permeable to the active substance and m legradable ■"f^'^J^ for the oelivery of , he ao 
at least through the polymeric material permeable to the active substance. 

An article as claimed in claim 1 . characterized in that the article may have different geometric forms, 
position to form the wall of the article. 

materials, said layers enveloping each other in a partially over.a P p.ng porta., 
are composed to a one-layered wall. 

eo complexes , ofpolymers formed from optically active monomers from the above groups. 
« 7. An articie as claimed in Cairns 1-6. characterized in that the active substances are pharmaca. 
. 8 . An article as daimed in claim 6. characterized in thatthe active substances are cytostatics. 

9. An article as claimed in claims 1-6. characterized in that the active substances are hormones. 
*> 10. An article as claimed in claims 1-6. characterized in that the active substances are paptides. 

11. An article as claimed in claims 1-6. characterized in that the active substances are insecticides, herbi- 
cides, feromones or repellants. 
* 12. An artids as daimed in daims 3-11. characterized in that the outsida diametar of tha hollow tuba is not 
more than 5 mm and the length is not more than 10 cm. 
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hollow tube is 3 mm and the length is 5 cm. 

14. An article as claimed in daims 1-13, characterized in that the difference in permeability to the active 
substance is affectable within the employed combination of the at least two polymeric materials by ad- 
justment of the mutual relative porosity of the at least two polymeric materials. 



Patentanspruche 

1. Artikel zur geregelten Abgabe einer aktiven Substanz, welcher einen vollstandig durch eine Wand einge- 
schlossenen und ganz Oder teilweise mit einer oder me hreren aktiven Substanzen gefullten Hohlraum ent- 
halt, wobei die Wand unter Verwendung eines biologisch abbaubaren, polymeren, fur die aktive Substanz 
durchlassigen Materials hergestellt ist, dadurch gekennzeichnet, dass die Wand hauptsa*chiich aus einer 
Kombination von mindestens zwei verschiedenen polymeren Materialien besteht, von denen ein polyme- 
res Material fur die aktive Substanz durchlassig ist und abbaubar ist und das andere polymere Material 
fur die aktive Substanz verhaltnismassig schlecht durchlassig ist und abbaubar ist, und der Beforderungs- 
weg fur die Abgabe der aktiven Substanz aus dem Hohlraum an die Umgebung des Artikels eine konti- 
nuierliche Strecke ist, welche mindestens durch das fur die aktive Substanz durchlassige polymere Ma- 
terial fuhrl 

2. Artikel nach Anspruch 1 , dadurch gekennzeichnet, dass der Artikel verschiedene geometrische Formen 
aufweisen kann. 

3. Artikel nach den Anspruchen 1-2, dadurch gekennzeichnet, dass er geometrisch auf einem hohlen Rohr 
basiert, das gebildet ist aus zwei polymeren Materialien, wobei das fur die aktive Substanz durchlassige 
Material und das verhaltnismassig schlecht durchlassige Material jedes einzeln zu einem Wanda bschnitt 
geformt wird, welche Wanda bschnitte als zweilagiger Schichtstoff zusammengesetzt sind, w§hrend sie 
einander in teilweise uberlappender Steilung umgeben, urn die Wand des Artikels zu bilden. 

4. Artikel nach Anspruch 3, dadurch gekennzeichnet, dass das fur die aktive Substanz durchlassige poly- 
mere Material und das verhaltnismassig schlecht durchlassige polymere Material zusammengesetzt sind 
urn die Wand des Artikels auf der Basis eines Schichtstoffes aus mehr als zwei Schichten zu bilden, welche 
jede fur sich aus einem der polymeren Materialien besteht, wobei diese Schichten einander in teilweise 
uberlappender Steilung umgeben. 

5. Artikel nach Anspruch 3, dadurch gekennzeichnet, dass die einzelnen Wandabschnitte des fur die aktive 
Substanz durchlassigen polymeren Materials und des fur die aktive Substanz verhaltnismassig schlecht 
durchlassigen Materials zu einer einschichtigen Wand zusammengesetzt sind. 

6. Artikel nach Anspruch 1, dadurch gekennzeichnet, dass die Kombination von mindestens zwei verschie- 
denen polymeren Materialien ausgewahlt ist aus der Gruppe der biologisch abbaubaren Polymeren, be- 
stehend aus Polyestern, wie Polymilchsaure, Polyglykotsaure, Poly-(c-caprolacton), Poly-(p- 
hydroxybuttersaure), Poly-(hydroxyvaieriat), Poly-(orthoester); Poly-(a-aminosaure), einschliesslich 
Ester von Polyglutaminsaure, Polydepsipeptide, Polyanhydride und Polyphosphazene und alle davon ab- 
geleiteten Polymere, Co- oder Block-Copolymere und StereoKomplexe von Polymeren, gebildet aus op- 
tisch aktiven Monomeren aus den obigen Gruppen. 

7. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Arzneimittel 
sind. 

8. Artikel nach Anspruch 6, dadurch gekennzeichnet, dass die aktiven Substanzen Cytostatica sind. 

9. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Hormone sind. 

10. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Peptide sind. 

11. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Insektizide, Her- 
bizide, Feromone oder Phobiermittel sind. 

1 2. Artikel nach den Anspruchen 3-11 , dadurch gekennzeichnet, dass der aussere Durchmesser des hohlen 
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13. 

5 

14. 

10 



Rohres nicht mehr als 5 mm und die Lange nicht mehr als 1 0 cm belragL 

Artikel nach Anspruch 12. dadurch gekennzeichnet. dass fOr die Anwendung beim Menschen der aussere 
DuSmeteMes hohien Rohres A mm und die Lange 4 cm betragt und I fur d- Anwendung be, Tleren 
der aussere Durchmesser des hohien Rohres 3 mm und d.e Lange 5 cm betragt 
Artikel nach den Anspruchen 1-13. dadurch gekennzeichnet, dass der Unterschied der Durchlassigkeit 

ktive Sublnz innerhalb der verwendeten Kombination von mindestens 
rialien durch Einstellung der gegenseitigen relative Porositat der m.ndestens zwe, polymeren Matenalien 
beeinf lussbar ist. 



Revendlcatlons 

15 1 Un svsteme permettant la liberation centrales d'une substance active, comprenant un espace creux en- 

ZlfirmZ est un ma eriau polymere relativement peu permeable a .a substance active et d6grad* 
ul m «n ^ oue la liberation de la substance active depuis Cespace creux vers rexter.eur du systems se 
M sur une distance continue, a travers ,e materiau pdymere permeable 

a ia substance active. 

25 2. Un systeme selon la revendication 1, caracterise en ce que le systeme peut presenter differentes formes 
geometriques. 

"autre dans une position de recouvrement partie. pour former la pare, du systeme. 

4 Un systeme selon la revendication 3. caracterise en ce que le materiau polymere permeable a la subs- 
tancfaSve et le materiau polymere relativement peu permeable sont assoc.es pour former la paro. du 
sv^esousf^ 

dCn des matVnaux polymeres. .esdites couches s'enveloppant .'une .'autre dans une pos,Uon de recou- 
vrement partiel. 

Un systeme selon la revendication 3. caracterise en ce que les parties individuelles de paroi de materiau 
tance active se composent d'une paroi unicouche. 

. m <«t6me selon la revendication 1 , caracterise en ce que la combinaison d'au molns deux materiaux 
nomeres optiquement actifs de ces groupes. 

Un systeme selon .a revendication 1 a 6. caracterise en ce que les substances actives sont des medica- 
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8. Un systeme selon la revendication 6. caracterise en ce que les substances actives sont des derives cy- 
tostatiques. 

9. unsystemesdon.arevendicsuonlae.ca^ 
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10. Un systeme selon la revendication 1 a 6, caracterise en ce que les substances actives sont des peptides. 

11. Un systeme seion la revendication 1 a 6, caracterise en ce que les substances actives sont des insecti- 
cides, des herbicides, des pheromones ou des insectifuges. 

12. Un systeme selon la revendication 3 a 11, caracterise en ce que le diametre exterieur du tube creux n'est 
pas superieur a 5 mm et la longueur n'est pas superieure a 10 cm. 

13. Un systeme selon la revendication 12, caracterise en ce que, pour une application humaine, le diametre 
exterieur du tube creux est de 1,8 mm et la longueur est de 4 cm, et pour une application veterinaire, le 
diametre exterieur du tube creux est de 3 mm et la longueur est de 5 cm. 

14. Un systeme selon Tune des revendication 1 a 13, caracterise en ce que la difference de permeabilite a 
regard de la substance active peut etre modif iee, pour (a combinaison employee de materiaux polymexes, 
lorsqu'ils sont au moins au nombre ae deux, par ajustement de la porosite relative mutuelle desdits au 
moins deux materiaux polymeres. 
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FIG. 1a 



FIG. 2 




FIG. 3a 
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